Purpose: The purpose of the present study was to establish the construct validity of a new instrument to measure psychological learning processes associated with Team-based learning (TBL), the Knowledge Re-Consolidation Inventory (KRCI). The instrument was designed to measure six factors: (1) self-guided preparation, (2) knowledge consolidation, (3) retrieval practice, (4) peer elaboration, (5) feedback, and (6) transfer of knowledge. Method: Two samples were taken, consisting in total of 197 first-and second-year medical students from Singapore. To establish the construct validity of the KRCI, two confirmatory factor analyses were conducted (CFA). First, an exploration sample (N¼90) was taken from the second-year medical students to conduct a preliminary CFA, and it resulted in elimination of items with poor psychometric properties. A confirmatory sample (N¼107) was then taken from the first-year medical students to conduct a second CFA to cross-validate the KRCI with reduced items. Results: From the original 38 items, 16 remained. The resulting model fitted the data well. The second CFA with the crossvalidation sample replicated the findings of the first analysis and supported the factorial structure of the hypothesised six-factor model. Tests of factorial invariance demonstrate that the factorial structure of the KRCI was stable across measurements. Discussion: The results of the study suggest that the KRCI is a valid and reliable instrument capable of measuring the six psychological mechanisms underlying TBL. 
Introduction
Since the early 2000s, an increasing number of educational institutions worldwide have adopted Teambased learning (TBL) as their instructional strategy, [1] [2] [3] including a growing number of medical and nursing schools. 4 TBL typically consists of three distinct phases. 5 The first phase is the preparation phase and it occurs before the actual TBL session. During this phase, students study the assigned learning resources to prepare themselves for the topic to be discussed during the TBL session. The second and third phases are conducted during the TBL session itself when students come together and work in small teams (5 to 7 students). The second phase is referred as the readiness assurance phase which allows students to test their knowledge and understanding; first individually by means of an iRAT (individual readiness assurance test, where students attempt the multiple-choice questions individually) and then within the team by means of the tRAT (team readiness assurance test, which is the same as the iRAT but it is discussed within the team). During the tRAT, teams receive immediate computer-based feedback on the correctness of the answers chosen, and the teams engage in a class discussion to clarify the most difficult questions and seek clarification from the teacher. The teacher also provides elaborative feedback to the students. The third phase is the application phase. During this phase, students are presented with case studies or vignettes that deal with real-world problems faced by professionals in the field. Students in their teams have to apply what they have learnt during the first two phases. Answers are then discussed in class and the teacher provides additional explanations and/or a summary of what was learnt.
Studies suggest that this instructional approach is capable of expanding students' conceptual and procedural knowledge, [6] [7] [8] which contributes to better performance, 2,4,9,10 better critical thinking and problemsolving skills, [6] [7] [8] 11, 12 and at the same time, improves their interpersonal skills such as communication, teamwork, and leadership skills. 8, 12, 13 Despite the growing popularity of TBL and the emerging evidence that it is an effective instructional approach, little is known about its inner workings. What are the psychological mechanisms that govern TBL and which particular mechanism is conducive for learning? These are questions that have not been empirically addressed.
Schmidt and colleagues 14 have recently proposed a theoretical framework describing the underlying psychological mechanisms of TBL. They suggest that there are six distinct psychological mechanisms, which coincide with the distinctive phases and features of TBL. These mechanisms are: (1) Guided self-preparation, which corresponds to the preparation for a TBL session (similar to the flipped classroom concept 15 ). Preparation occurs prior to classroom time, where students are provided with pre-reading materials for initial self-directed acquisition of knowledge. The second mechanism is (2) Memory consolidation. Memory consolidation occurs after knowledge encoding, mainly during sleep, whereby the newly acquired memory is stabilised, enhanced, and integrated with pre-existing long-term knowledge networks. [16] [17] [18] In TBL, students typically have at least 24 hours between preparation and the TBL session and it is assumed that a good night's sleep will allow for memory consolidation at the synaptic level. The third mechanism is (3) Retrieval practice, which corresponds to the iRAT. Retrieval practice is the act of retrieving information from long-term memory, 19 which occurs when students attempt the iRAT during TBL as they have to retrieve what they have learnt previously when they prepared for the session. Research has shown that having an opportunity to retrieve knowledge from memory enhances learning because it enhances the extent to which knowledge is embedded (and reembedded) in memory. [19] [20] [21] The fourth mechanism is (4) Peer elaboration, which corresponds to the tRAT. Peer elaboration refers to "collaborative and co-operative" learning in which students' engage in mutual teaching and learning within peer groups, 22, 23 discernibly improving learning and understanding. 24 This occurs during tRAT when students in TBL discuss the answer options to the iRAT. The fifth is (5) Feedback, which corresponds to burning questions after tRAT (also referred to as "written team appeal"). Receiving feedback that is specific and timely has been shown to have a positive effect on learning because it helps to clarify misconceptions and stimulate deeper processing of information. 25 It also encompasses positive reinforcement. 26 The sixth mechanism is (6) Transfer of knowledge, which corresponds to the application exercises. Transfer is broadly referred to as applying one's knowledge to new, unfamiliar contexts. 27, 28 This is encouraged during TBL when students engage with the application exercises. During these exercises, students have to apply what they have learnt to new contexts and situations to solve novel problems.
Although Schmidt et al. 14 provide a first account of the psychological basis for TBL, it should be noted that their proposal is theoretical in nature; currently there is only limited empirical evidence available for the knowledge re-consolidation theory that stems directly from TBL research. What is needed at this point is an instrument that is capable of adequately measuring these six psychological mechanisms. This would not only enable testing the knowledge re-consolidation theory, but also provide deeper insights into the inner workings of TBL.
Reviewing the TBL literature in search of suitable instruments, it becomes apparent that there are not many instruments available. We were only able to find two validated instruments in the Web of Science database. Vasan and his colleagues 29 developed a 15-item questionnaire to measure medical undergraduate students' perceptions of TBL and teamwork. Eight of the items assess perceptions of TBL, (e.g., TBL helped me prepare for course examinations) and the other seven items assess perceptions of teamwork (e.g., I
contributed meaningfully to the TBL discussions). This questionnaire was recently cross-validated with a different sample of medical students. 30 In addition, Mennenga 31 also developed a questionnaire for use in nursing education, known as the Team-Based Learning Student Assessment Instrument. This instrument was designed to measure students' preference for TBL, their satisfaction with TBL, and accountability to prepare for and participate in TBL. 31, 32 This instrument consists of 33 items (e.g., I enjoy team-based learning activities; During traditional lectures, I often find myself thinking of nonrelated things; and Team-based learning makes me accountable).
Examining the sub-scales and items of these instruments, it becomes apparent that they were designed, not to measure specific psychological processes underlying TBL, but rather to measure generic attitudes towards TBL, such as students' satisfaction with TBL and how they feel accountable for learning in TBL. None of these questionnaires and their sub-scales measure relevant psychological mechanisms that we are interested in, such as retrieval practice or transfer of learning. Therefore, these questionnaires cannot be used as measures of the knowledge re-consolidation theory.
To address this issue, the objective of the present study was to devise a new rating scale, the Knowledge Re-Consolidation Inventory (KRCI), and to validate it for use in TBL. We chose a top-down approach, which required generating items from the six psychological mechanisms proposed by the knowledge re-consolidation theory. Subsequent construct validity of the KRCI was established in two stages involving two cohorts of medical students. The first stage involved conducting a confirmatory factor analysis (CFA) with all items that had been generated for the KRCI (n¼ 38). The intent of this stage was to identify and exclude items with poor psychometric properties (Study 1). The objective of the second stage was to cross-validate the derived factor structure of the KRCI during phase 1 by means of a second CFA with a different sample (Study 2). For Study 1 and 2, the KRCI was administered during actual TBL sessions. More precisely, each subscale was administered after a distinctive TBL activity (e.g., retrieval practice after the iRAT, see Fig. 1 for details). The purpose of this was to adequately capture the psychological mechanisms as they happen. For Study 2, we also administered the KRCI retrospectively, at the end of the TBL session. This enabled us to explore if the factorial structure of the KRCI is invariate between these types of administrations, which adds to the validity of the instrument.
Study 1: exploration study
In the present study, we applied a top-down approach to questionnaire construction. [33] [34] [35] This entailed using the knowledge re-consolidation theory to generate items that are intended to measure each of the six factors. As the main objective of Study 1 was to find the best items and the best fitting measurement model for KRCI, substantially more items were generated for the scale in this study as it would allow for elimination of items with poor psychometric properties.
Method

Participants
Ninety second-year medical students from the Lee Kong Chian School of Medicine in Singapore participated (57 male, 33 female). Ages ranged between 19 and 22 years, with an average age of 20 years (SD¼ .90). This particular medical school uses TBL as its main pedagogical approach for the year 1 and year 2 medical students. On average, students had to attend two TBL sessions per week. All students were required to use a tablet or laptop during the TBL session.
Knowledge Re-Consolidation Inventory (KRCI)
The KRCI was derived from the knowledge reconsolidation hypothesis and resulted in an initial pool of 38 items. There were six guided self-preparation items, six knowledge consolidation items, six retrieval practice items, seven peer elaboration items, seven feedback items, and six transfer of knowledge items. See Appendix A. Students responded to the survey items on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Procedure
All participants were informed about the purpose of the study. Participation was voluntary and responses were anonymous. The survey was administered during a regular TBL class over the duration of one day. As shown in Fig. 1 , participants were instructed to complete the sub-scales of the KRCI at critical points during the TBL class and not at the end, as it is typically done. The reasoning behind this approach was that we wanted to measure the psychological mechanisms as they unfold in the situation and not retrospectively. For instance, the retrieval practice subscale was administrated to students after they had completed the individual readiness assessment test (iRAT). By doing so, it was expected to increase accuracy for the measurement. All survey items were written in English and were administered online via Qualtrics. The institutional review board of Nanyang Technological University had approved the study.
Analysis
A confirmatory factor analysis (CFA) was conducted to examine whether the data fitted the hypothesised factor structure, which consisted of six latent variables with its indicator variables. To determine the model fit, Tucker-Lewis index (TLI) and comparative fit index (CFI) values greater than .90, and a root mean square error of approximation (RMSEA) less than .06 were taken as indicators of adequate model fit. 36 Values from the Akaike information criterion (AIC) and chi-square difference test were also used to compare the relative fit of the different models. These values are used especially in comparisons of factor structure between six-factor and single-factor solution. A lower AIC value indicates a better trade-off between fit and complexity. 37 The analysis was conducted using IBM SPSS AMOS 21.0. The reliability of the measure was determined by calculating Hancock's coefficient H.
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The coefficient H is a construct reliability measure for latent variable systems that represents a relevant alternative to the conventional Cronbach's alpha. According to Hancock and Mueller, 38 
In addition to conducting the CFA, we examined to which extent the six latent variables were correlated. The correlations provide important information because if the correlations are low, it indicates that there are six distinct factors with little conceptual overlap. A more advanced statistical test is to examine whether the sixfactor model results in a significantly better model fit as compared to a one-factor model in which all remaining items load on one single factor. If the six-factor solution results in a significantly better model fit, it is supportive evidence that the instrument and its items measure six distinct constructs. To test the reliability of the KRCI, we generated the coefficient H for each subscale. The coefficients H were .81 for guided self-preparation, .90 for knowledge consolidation, .88 for retrieval practice, .81 for peer elaboration, .91 for feedback, and .72 for transfer of knowledge. Overall, these values suggest that the KRCI is a reliable instrument.
Results and discussion
Next, we explored the correlations between the six KRCI sub-scales. See Table 1 for details. Except for the guided self-preparation and knowledge consolidation, all psychological mechanisms of KRCI sub-scales had weak to moderate correlational relationships with each other (.28 r r r .76). The low to moderate correlation between six KRCI sub-scales indicate that six subscales are distinguishable and measure different constructs.
To further test whether there are six distinct factors, we compared the model fit between a six-factor and the single-factor model (see Table 2 ). Using the chi-square difference test, the single-factor model in which all 16 items loaded on one factor was compared to the initial six factors model. The results of the difference in chisquare test revealed that the six-factor solution resulted in a significantly better model fit than the one-factor model χ 2 (14, N ¼ 90) ¼ 331.12, p o .001. This suggests that the six factors are distinguishable and measure different psychological mechanisms.
Taken together, the results suggest that the 16-item KRCI is a valid and reliable instrument to measure the six psychological mechanisms as proposed by the knowledge re-consolidation theory.
Study 2: confirmation study
In Study 1, we used an explorative approach to find the best factor structure for the measurement model of the KRCI. However, it is not sufficient to merely establish an adequate model fit, by means of a CFA, with the same data used for the exploration. Instead, one has to cross-validate the derived factor structure with an independent sample. 39 This comes down to conducting a second CFA with a new set of data to examine if equally good model fit statistics can be generated. Conducting this confirmation study was the objective of Study 2. (10) a Error variance of the item indicator (e.g., "I prepare well for this session.") was fixed to .10 for the six-factor model in Study 1. *** po .001 
KRCI scale
The 16-item KRCI scale, which was validated in Study 1, was used in this study. The final items for each sub-scale were as follows: (1) Self-guided preparation (2 items; "I prepare well for this session", "I was thorough in my preparation for this session"); (2) Knowledge consolidation (3 items; "I was well-rested when I came to this session", "I did not get enough sleep", "I feel tired going into this session"); (3) Retrieval practice (2 items; "I had regular opportunities to test my knowledge during this session", "I was quizzed regularly during this session"); (4) Peer elaboration (3 items; "I regularly engaged in discussions with my peers during this session", "I had opportunities to discuss difficult concepts with other students", "I could ask other students questions about the topics we learnt"); (5) Feedback (4 items; "The teacher provided feedback that was useful for my understanding", "The teacher reinforced important concepts", "Feedback from the teacher helped me learn", "The teacher clarified misconceptions"); and (6) Transfer of knowledge (2 items; "My knowledge was often stretched to solve novel problems", "I used my acquired knowledge to solve complex problems"). Students responded to the survey items on a 5-point Likert scale ranging from 1 (strongly disagree) to 5 (strongly agree).
Procedure
The same procedure as in Study 1 was applied to participants in Study 2 (see Fig. 1 ). The survey was administered at a regular TBL class via Qualtrics. However, different to the administration in Study1 was that we administered one additional KRCI at the end of the TBL session with the instruction to think back of their experiences during this session when responding to the questionnaire. This was done to explore if the factor structure of the KRCI is consistent during different administrations (i.e., during and after TBL). If it is invariate, it demonstrates that the KRCI is a valid instrument that can be administered both during or after TBL.
Analyses
We first conducted a CFA with IBM SPSS AMOS 21.0 to cross-validate the KRCI with a different sample. Hancock's coefficient H was also generated to test the reliably of the sub-scales. In addition, multi-group confirmatory factor analysis was conducted to test the measurement invariance of the KRCI scale across the two different times of scale administration (i.e., during and after TBL). The invariance test was conducted by comparing the difference in chi-square value between an unconstrained and constrained model in relation to the difference in degrees of freedom. Models are constrained by equating the factor loadings between the KRCI during TBL and KRCI after TBL. If the chisquare test is not significant, it suggests that the factorial structure between both measurements is invariate. 
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Results and discussion
In order to cross-validate the KRCI, we conducted a second CFA with the new data set (see Table 2 Table 3 for details.
The correlations between the six sub-scales of the KRCI were weak to moderate (.27 r r r .63 and .25r r r.93, see Table 3 for details). Analogous to Study 1, we conducted a chi-square difference test to examine if a six-factor model resulted in a significantly better model fit than a one-factor model that had all items loaded on one factor. The results confirmed that a six-factor model showed better fit indices than a singlefactor model, Δχ 2 (15, N ¼ 107) ¼ 347.21, po .01. See Table 2 for details. Similar to our findings in Study 1, this outcome suggests that the six factors are distinguishable and measure different psychological mechanisms.
As a next step in our analysis, we tested whether the factorial structure of the KRCI administered during and after TBL was invariate. See Tables 2 and 3 for details. The outcome of the factorial invariance test revealed that this was the case, the chi-square test was not significant: Δχ 2 (10, N¼ 107) ¼ 16.16, p¼ .10. This outcome suggests that the factorial structure of the KRCI did not significantly differ between the administration during and after TBL. Thus, the KRCI can reliably be used during a TBL session or after, when students respond to it retrospectively.
General discussion
The objective of the present study was to develop and validate a questionnaire, the Knowledge ReConsolidation Inventory (KRCI), which is capable of measuring six psychological mechanisms of TBL that were proposed by the knowledge re-consolidation theory put forward by Schmidt and colleagues.
14 The six mechanisms are: (1) Guided self-preparation (TBL preparation); (2) Memory consolidation (rest period between preparation and TBL); (3) Retrieval practice (iRAT); (4) Peer elaboration (tRAT); (5) Feedback (burning questions/appeal); and (6) Transfer of learning (application exercises).
For each proposed mechanism, a corresponding subscale was devised with items. Two studies were conducted. The first constituted a CFA and had the purpose of trimming items that had poorer psychometric characteristics. The aim was to retain a questionnaire with the least possible number of items, yet yielding high validity and reliability. This resulted in an item-reduction from 38 to 16 items. In Study 2, the questionnaire consisting of 16 items, was then cross-validated by means of a CFA with an independent sample. In both studies, the data fitted the model well. The outcomes of the CFAs, together with relatively high reliability values for each subscale, suggest that the KRCI is a valid and reliable instrument to measure the six psychological mechanisms underpinning TBL.
As mentioned before, we administered the subscales of the KRCI during critical moments of a TBL session. For instance, retrieval practice after the iRAT. This was done with the intent to better capture the psychological mechanism that was expected to unfold at that point in time and to explore if each sub-scale can be used independently. However, if the KRCI is to be used routinely in TBL, it can be impractical administering sub-scales of the questionnaire throughout a session. It is often preferred to administer a questionnaire only once, say at the end of a TBL. To explore if a single administration yielded similar results, we administered the KRCI in its entirety at the end of the TBL session of Study 2. It was then compared, by means of a factorial invariance test, whether the KRCI administered during and after the TBL session was identical in factorial structure. The results of the test revealed that this was indeed the case; the factorial structure between the two KRCI administrations was identical. In fact, an additional factorial invariance test was carried out to compare the factorial structure between Study 1 and Study 2. Results suggest that the factorial structure was invariate across these measurements as well: Δχ 2 (10) ¼ 12.24, p ¼ .27. The fact that the factorial structure of the KRCI was invariate across the data sets is testimony to the robustness and versatility of the KRCI.
The study has also limitations that need to be highlighted. First, the samples used for the analyses were rather small. Typically, CFAs should be conducted with larger samples. 39 However, our access to participants was restricted since there are a relatively small number of students who are admitted to medical school each year. This is different in other disciplines, where typically larger numbers of students enrol.
Related to this, our findings are limited to TBL in the medical context. Further research is needed to explore whether the KRCI is equally valid for TBL in other domains, such as engineering or business administration. Lastly, the present study constituted an internal validation procedure, exploring model-fit statistics and factorial structures. Although this is an essential and necessary step in every line of survey research, only the future studies that use the KRCI will provide more informative insights in the inner workings of TBL. As a next step, it is important to explore how the sub-scales of the KRCI are related to external measures and other constructs. Only then, it can be explored how the underlying psychological mechanisms of TBL influence each other and predict outcomes.
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